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IMPORTANCE Hospital readmissions are common and costly, and no single intervention or
bundle of interventions has reliably reduced readmissions. Virtual wards, which use elements
of hospital care in the community, have the potential to reduce readmissions, but have not
yet been rigorously evaluated.

OBJECTIVE To determine whether a virtual ward—a model of care that uses some of the
systems of a hospital ward to provide interprofessional care for community-dwelling
patients—can reduce the risk of readmission in patients at high risk of readmission or death
when being discharged from hospital.

DESIGN, SETTING, AND PATIENTS High-risk adult hospital discharge patients in Toronto were
randomly assigned to either the virtual ward or usual care. A total of 1923 patients were
randomized during the course of the study: 960 to the usual care group and 963 to the
virtual ward group. The first patient was enrolled on June 29, 2010, and follow-up was
completed on June 2, 2014.

INTERVENTIONS Patients assigned to the virtual ward received care coordination plus direct care
provision (via a combination of telephone, home visits, or clinic visits) from an interprofessional
team for several weeks after hospital discharge. The interprofessional team met daily at a central
site to design and implement individualized management plans. Patients assigned to usual care
typically received a typed, structured discharge summary, prescription for new medications if
indicated, counseling from the resident physician, arrangements for home care as needed, and
recommendations, appointments, or both for follow-up care with physicians as indicated.

MAIN OUTCOMES AND MEASURES The primary outcome was a composite of hospital
readmission or death within 30 days of discharge. Secondary outcomes included nursing
home admission and emergency department visits, each of the components of the primary
outcome at 30 days, as well as each of the outcomes (including the composite primary
outcome) at 90 days, 6 months, and 1 year.

RESULTS There were no statistically significant between-group differences in the primary or
secondary outcomes at 30 or 90 days, 6 months, or 1 year. The primary outcome occurred in
203 of 959 (21.2%) of the virtual ward patients and 235 of 956 (24.6%) of the usual care
patients (absolute difference, 3.4%; 95% CI, −0.3% to 7.2%; P = .09). There were no
statistically significant interactions to indicate that the virtual ward model of care was more or
less effective in any of the prespecified subgroups.

CONCLUSIONS AND RELEVANCE In a diverse group of high-risk patients being discharged from
the hospital, we found no statistically significant effect of a virtual ward model of care on
readmissions or death at either 30 days or 90 days, 6 months, or 1 year after hospital discharge.

TRIAL REGISTRATION clinicaltrials.gov Identifier: NCT01108172

JAMA. 2014;312(13):1305-1312. doi:10.1001/jama.2014.11492

Editorial page 1303

Author Video Interview at
jama.com

Related article page 1344

Supplemental content at
jama.com

CME Quiz at
jamanetworkcme.com and
CME Questions page 1346

Author Affiliations: Author
affiliations are listed at the end of this
article.

Corresponding Author: Irfan A.
Dhalla, MD, MSc, Department of
Medicine, University of Toronto,
30 Bond St, Toronto, ON, Canada,
M5B 1W8 (dhallai@smh.ca).

Research

Original Investigation

1305

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: http://jama.jamanetwork.com/ by a Penn State Milton S Hershey Med Ctr User  on 06/17/2015



Copyright 2014 American Medical Association. All rights reserved.

R eadmissions after hospital discharge are common,1

costly, and believed by many to be an indicator of sub-
optimal health care.2 In the United States, hospitals are

now financially penalized if their readmission rates for Medi-
care patients are deemed excessive.3 These penalties are set
to increase to up to 3% of a hospital’s Medicare reimburse-
ment in 2015. This “pay-for-performance” program has been
implemented despite limited evidence supporting the hypoth-
esis that hospitals can implement initiatives that will success-
fully and consistently reduce readmissions.

Although several single-center studies have demon-
strated that a hospital’s readmission rate is modifiable,4-6 the
authors of a recent systematic review were unable to identify
a single intervention or a bundle of interventions that reli-
ably reduced the risk of readmission in a manner that could
be considered generalizable.7 In contrast, the authors of an-
other recently published systematic review concluded that
complex interventions could reduce readmissions.8

The virtual ward model of care, first pioneered in the
United Kingdom9 and since piloted elsewhere,10,11 is an intui-
tively appealing way of providing care to community-
dwelling patients with complex needs. The virtual ward takes
many elements of hospital care that are appreciated by pa-
tients or clinicians (eg, an interprofessional team, a daily team
meeting, a single point of contact for patients, etc) and incor-
porates them into community-based care, with a goal of im-
proving health outcomes and patient experience while also pro-
viding better value for money. Despite the virtual ward’s
conceptual appeal and its increasingly common implementa-
tion, the model of care has not yet been rigorously evaluated.

We therefore performed a randomized trial to determine
whether a virtual ward could improve health outcomes and re-
duce readmissions after hospital discharge in a high-risk popu-
lation.

Method
Trial Design and Patients
We conducted a parallel-group randomized trial with pa-
tients randomized at hospital discharge in a 1:1 ratio to either
the virtual ward model of care or usual care. Patients were eli-
gible if they were aged 18 years or older, being discharged from
the general internal medicine ward of any of the 4 participat-
ing hospitals, at high risk of readmission (as determined by
LACE12 [length of stay, acuity of the admission, comorbidi-
ties, and emergency department visits in the previous 6
months] score ≥10), and resided within the boundaries of the
Toronto Central Local Health Integration Network (see study
protocol in the Supplement). Patients were excluded if they
were being discharged to a rehabilitation or complex continu-
ing care facility, if neither they nor anyone they could desig-
nate could speak English, if they had been previously en-
rolled in the study, or if they did not wish to participate.

Trial Intervention and Control
Patients in the control group received usual care. At all 4 par-
ticipating hospitals, this generally included a typewritten,

structured discharge summary, given to the patient at the time
of discharge and also sent to the patient’s primary care phy-
sician, a prescription when indicated, counseling from the resi-
dent physician or other members of the health care team, ar-
rangements for home care as needed, and recommendations
or appointments for follow-up care with the patient’s pri-
mary care and specialist physicians. Follow-up at a postdis-
charge clinic was not a routine practice at any of the hospitals
but could have been arranged by the discharging physicians
at their discretion (Figure).

In addition to receiving usual care, patients assigned to the
virtual ward group were admitted to the virtual ward on the day
they were discharged home. These patients were informed that
they would be contacted by a virtual ward team member the day
after discharge. They were also provided with written informa-
tion about what kind of services would be available and with a
telephone number to call if they needed help. This telephone
number was answered by a clerical staff member who directed
the call to the appropriate team member during weekday busi-
ness hours or the call was sent to the virtual ward physician’s
pager after hours. We modified the virtual ward team comple-
ment slightly during the course of the study, but it always
consisted of care coordinators (similar to case managers), a
part-time pharmacist, a part-time nurse or nurse practitioner,
a full-time physician, and a clerical assistant. Most of the
staff worked for the Toronto Central Community Care Access
Centre, which is responsible for either directly providing or con-
tracting publicly funded home care services in Toronto.

The virtual ward team met each morning to discuss newly
admitted and current patients and to design and execute indi-
vidualized care plans. Each virtual ward patient’s primary care
physician received a letter by fax informing him/her that his/
her patient had been admitted to the virtual ward. In addition,
the virtual ward physician was strongly encouraged to speak to
the primary care physician on the telephone soon after the pa-
tient was admitted, whenever necessary during admission, and
before virtual ward discharge. The care plan began to be devel-
oped at the daily interprofessional team meeting on the day af-
ter the patient was discharged from the hospital, followed by
the care coordinator seeing the patient at home within a few days
of discharge. Subsequently, as needed, patients could be as-
sessed by telephone, at home, in a clinic at the hospital where
the virtual ward team was based, or if necessary, at an alter-
nate location (eg, in the family physician’s office).

During the virtual ward admission, patients were dis-
cussed regularly at the daily interprofessional team meet-
ings. Consistent with the way publicly funded home care is de-
livered in Ontario, many services, including personal support,
nursing, and occupational therapy, were provided by staff
working for independent agencies contracted by the Toronto
Central Community Care Access Centre. Patients were dis-
charged from the virtual ward when the team believed they
were ready for discharge or when it was clear that they were
unwilling to further engage with the team. We did not pro-
spectively collect data to characterize the intensity of care pro-
vided by the virtual ward team, but we did retrospectively col-
lect such data from 30 randomly selected virtual ward patients
during each of 5 six-month periods.
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Outcomes
The primary outcome was the composite of readmission to any
hospital or death within 30 days of discharge. Secondary out-
comes included the composite of readmission to the hospital or
death within 90 days, 6 months, and 1 year of discharge, as well
as readmission, death, emergency department visits, and nurs-
ing home admission (for patients not residing in a nursing home
prior to the index hospital admission) within 30 days, 90 days,
6 months, and 1 year of discharge. Outcome data were collected
by contacting patients (or other individuals the patient had des-
ignatedasthecontact)bytelephone.Patient-reportedemergency
department visit or readmission to hospital were verified by ex-
amining hospital records. When patients could not be contacted
atall,hospitalrecordsateachofthe7hospitalsthatcareforadults
in the Toronto Central Local Health Integration Network were re-
viewed. For a large subset of the patients who consented to data
linkage, we also compared outcomes obtained by telephone with
outcomes ascertained by a review of administrative data housed
at the Institute for Clinical Evaluative Sciences.

Sample Size
We hypothesized that the virtual ward could reduce readmis-
sions by approximately one-third, a relative risk reduction that

is only slightly larger than that which was observed in the land-
mark trial of the Care Transitions Intervention, which was a
much less intensive intervention.4 We estimated that the pri-
mary outcome rate in the control group would be 15%.13 Al-
lowing for 10% loss to follow-up, we determined we would need
1510 patients for the study to have 80% power. The data and
safety monitoring board (DSMB) met on October 29, 2012, when
primary outcome data were available for 1464 patients. The
DSMB calculated that the conditional power at that time was
approximately 50% but noted that a 6-month continuation of
the trial would increase the adaptive conditional power to
95%.14 Of note, this was not based on a prespecified rule but
rather on the DSMB’s expert judgment. The trial steering com-
mittee accepted the DSMB’s recommendation and continued
recruitment. At a subsequent meeting on May 9, 2013, the
DSMB recommended unblinding the principal investigator,
who together with the trial steering committee decided to stop
trial enrollment.

Randomization
A research coordinator at each of the 4 study sites identified
eligible patients and obtained written informed consent dur-
ing their hospital admission or oral informed consent when ob-

Figure. Flow Diagram of Patients at High Risk of Hospital Readmission or Death Randomized to a Virtual Ward
Program or Usual Care After Discharge

6559 Eligible for the study

4627 Eligible but not enrolled
900 Did not consent to participate

1826 Discharged during a holiday or weekend
589 Discharged during the evening
240 Referred when the virtual ward was at

full capacity
545 Could not contact substitute decision maker 
167 Left the hospital against medical advice
226 Left the hospital before meeting the

research coordinator
22 Left before home care assessment

112 Ineligible for other reasons

23 584 Ineligible for the study
1237 Already enrolled

24 <18 years of age
327 Not covered by Ontario Health Insurance Plan

10 076 Discharged outside the Toronto Central Local
Health Integration Network catchment area

797 No reliable telephone number
6616 LACE Score <10

1688 Transferred to a non-GIM service prior
to discharge

2419 Discharged to complex continuing care
or a rehabilitation facility  

400 Did not speak English or did not have an
English-speaking designee

1932 Randomized

960 Patients included in the primary analysis
(956 Patients with primary outcome available)

5 Excluded (duplicate randomization)a

963 Patients included in the primary analysis
(959 Patients with primary outcome available)

4 Excluded (duplicate randomization)a

965 Randomized to usual care 967 Randomized to virtual ward

30 143 Patients assessed for eligibility

a Patients were included in the
analysis once only and were
followed up from the time of their
first discharge. They were censored
after their second randomization if
they were initially assigned to the
usual care group and subsequently
to the virtual ward group. The
steering committee decided on this
approach during the enrollment
period.

LACE indicates length of stay, acuity
of the admission, comorbidities, and
emergency department visits in the
previous 6 months.12
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tained over the telephone. Patients were randomized to either
the virtual ward or usual care using a computer-generated ran-
domization list either when discharge was imminent or im-
mediately after discharge. The randomization list was strati-
fied by discharge site and homelessness and used random
permuted blocks of size 2 and 4.

Blinding
Given the nature of the intervention, it was not possible to blind
patients or clinicians. The statistician and the DSMB were un-
aware of treatment assignment. The research coordinators who
ascertained outcomes were also unaware of treatment assign-
ment, and patients were asked not to tell the coordinator to
which treatment group they had been assigned. However, a
small proportion of patients made comments during the in-
terviews that unblinded the coordinator.

Statistical Methods
The primary analysis was an intention-to-treat, unadjusted
comparison of proportions, using a χ2 test. The significance
threshold was 0.05 and testing was 2-sided.

Because of the very small amount of missing outcome
data (eg, 0.42% for the primary outcome), these patients
were excluded from the analysis of the relevant outcome. To
examine potential subgroup effects, we constructed a logistic
regression model with each of the following covariates: hos-
pital from which the patient was discharged, discharge loca-
tion (nursing home vs other), time of enrollment relative to
virtual ward initiation, LACE index score,12 age, sex, reason
for hospital admission (heart failure vs other), and risky alco-
hol use (defined as a response of ≥1 to the question “How
many times in the past year have you had X or more drinks in
a day?” for which X is 5 for men and 4 for women),15 as well
as interaction terms for each subgroup of interest. To calcu-
late an odds ratio to estimate the treatment effect of the vir-
tual ward for each subgroup, we constructed a logistic regres-
sion model with each of the covariates listed above and a
single interaction term examining the subgroup of interest.
However, all reported P values for interactions were obtained
from a fully adjusted model with all the interactions included
simultaneously. This was done to avoid the risk of a spurious
finding from fitting multiple models. The subgroup analyses
were all prespecified, and we excluded 44 individuals with
missing covariate data from the subgroup analyses. To com-
pare agreement between data collected within the study and
administrative data, we calculated a Cohen κ. Statistical
analyses were conducted using either R (version 3.0.2) or SAS
(version 9.3).

Ethical Approval
The study was approved by the research ethics board at each
of the participating institutions.

Results
Study Population
Between June 2010 and May 2013, 30 143 patients were as-
sessed for potential eligibility at the 4 participating hospital
sites. Of the 6559 eligible patients, 1932 were randomly as-
signed to 1 of the 2 groups and were included in the analysis
(Figure). There were no important differences between the 2
treatment groups (Table 1).

Outcomes
Within the 30-day period following discharge, 24.6% of pa-
tients assigned to usual care and 21.2% of patients assigned to
the virtual ward had been readmitted to hospital or died (ab-
solute difference, 3.4%; 95% CI, −0.3% to 7.2%; P = .09; Table 2).
There were 47 deaths in the usual care group and 40 deaths
in the virtual ward group (4.9% vs 4.2%; absolute difference,
0.7%; 95% CI −1.1% to 2.6%; P = .50). Agreement between data
collected by the research coordinators and administrative data
was excellent (Cohen κ, 0.88; 95% CI, 0.86-0.91 for readmis-
sion and 0.94; 95% CI, 0.91-0.98 for death).

Table 1. Characteristics of Study Participants

Characteristic

No. (%) of Patients
Usual Care
(n = 960)

Virtual Ward
(n = 963)

Age, mean (SD), y 71.3 (16.0) 71.2 (16.1)

Women 465 (48) 472 (49)

LACE score, mean (SD) 12.53 (1.95) 12.53 (2.02)

Location patient was discharged to

Independent dwelling, with family
or friends

470 (49) 470 (49)

Independent dwelling, alone 318 (33) 306 (32)

Nursing home 82 (9) 99 (10)

Retirement home or other form
of supportive housing

73 (8) 65 (7)

Homeless 11 (1) 19 (2)

Other 6 (1) 4 (0)

Risky alcohol usea 136 (15) 125 (13)

Illicit drug usea 66 (7) 72 (8)

Hospital site

1 416 (43) 418 (43)

2 150 (16) 149 (15)

3 271 (28) 270 (28)

4 123 (13) 126 (13)

Reason for admission to hospital

Heart failure 79 (8) 84 (9)

Other 881 (92) 879 (91)

Time of enrollment relative to trial
initiation

First half 481 (50) 480 (50)

Second half 479 (50) 483 (50)

Abbreviation: LACE, length of stay, acuity of the admission, comorbidities, and
emergency department visits in the previous 6 mo.12

a Only 1878 of the 1923 study participants were included because these
questions were not asked of participants during the first few weeks of trial
enrollment period. The specific question for risky alcohol use was “How many
times in the past year have you had X or more drinks in a day?” for which X is 5
for men and 4 for women, and a response of at least 1 time was considered
positive for risky alcohol use. The specific question for drug use was “How
many times in the past year have you used an illegal drug or used a
prescription medication for nonmedical reasons?” A response of at least 1 time
was considered positive for drug use.
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By 90 days after discharge, 38.0% of patients assigned to
usual care and 37.1% of patients assigned to the virtual ward
had been readmitted to hospital or died (absolute difference,
0.9%, 95% CI, −3.4% to 5.2%, P = .72). There were no statisti-
cally significant between-group differences in any of the out-
comes at 6 months or 1 year.

None of the interaction tests between the intervention and
prespecified subgroups were statistically significant: P = .60
for hospital discharge site, P = .73 for discharge location (nurs-
ing home vs other), P = .59 for time of enrollment relative to
virtual ward initiation, P = .32 for LACE score, P = .84 for age,
P = .61 for sex, P = .40 for reason for hospital admission (heart
failure vs other), and P = .34 for risky alcohol use. No tests of
interaction were performed for homeless patients and pa-
tients screening positive for drug use because of the small num-
bers in these subgroups (Table 3).

Virtual Ward Patient Care Activity
A retrospective analysis of virtual ward activity data for 150
randomly selected patients indicates that the intensity of care
provided by the virtual ward team was relatively high. Pa-
tients were discussed at the interprofessional team meetings
an average of 6.3 times (SD, 2.1) and received an average of 2.8
home visits (SD, 0.95; Table 4). Of note, these data do not in-
clude health care or personal care services provided by home
care contractors or care provided by physicians not associ-
ated with the virtual ward and likely underestimate the amount

of care by virtual ward team members because some care may
not have been charted. The mean length of stay in the virtual
ward was 35.5 days (SD, 27.0 days).

Discussion
In this randomized trial involving patients at high risk of re-
admission or death, we found that a virtual ward model of care,
instituted for several weeks after hospital discharge, did not
reduce the composite outcome of readmission or death at 30
days after discharge from the hospital. Although our data are
not inconsistent with a small absolute benefit at 30 days, out-
come data at 90 days suggest that any benefits were not sus-
tained. As a consequence, given the per-patient costs of our
intervention, it is highly unlikely that a virtual ward model of
care structured similarly to ours would represent an efficient
use of health care resources.

There are several potential reasons the virtual ward model
of care we implemented did not reduce readmissions. First, it
was difficult for virtual ward team members to communicate
with many patients’ primary care physicians. Many primary
care physicians were not easily available by telephone or e-mail,
which made collaborative care difficult. Second, the multi-
plicity of different information technology systems available
made it difficult for virtual ward team members to know what
care had previously been provided to a patient, as well as what

Table 2. Clinical Outcomes After Discharge From Hospital

No./Total No. (%)
Absolute Difference,

% (95% CI) P Value
Usual Care
(n = 960)

Virtual Ward
(n = 963)

30-Day Outcomes

Readmission or death 235/956 (24.6) 203/959 (21.2) 3.4 (−0.3 to 7.2) .09

Readmission 204/958 (21.3) 182/961 (18.9) 2.4 (−1.2 to 5.9) .22

Death 47/955 (4.9) 40/958 (4.2) 0.7 (−1.1 to 2.6) .50

Emergency department visit 284/959 (29.6) 270/961 (28.1) 1.5 (−2.5 to 5.6) .49

Nursing home admissiona 7/868 (0.8) 5/852 (0.6) 0.2 (−0.6 to 1.0) .80

90-Day Outcomes

Readmission or death 364/958 (38.0) 355/957 (37.1) 0.9 (−3.4 to 5.2) .72

Readmission 313/928 (33.7) 313/938 (33.4) 0.4 (−3.9 to 4.6) .91

Death 100/954 (10.5) 112/957 (11.7) −1.2 (−4.0 to 1.6) .44

Emergency department visit 430/934 (46.0) 433/939 (46.1) −0.1 (−4.6 to 4.4) >.99

Nursing home admissiona 12/830 (1.4) 18/818 (2.2) −0.7 (−2.0 to 0.5) .34

6-Month Outcomes

Readmission or death 481/958 (50.2) 473/956 (49.5) 0.7 (−3.7 to 5.2) .78

Readmission 421/908 (46.4) 417/917 (45.5) 0.9 (−3.7 to 5.5) .74

Death 165/956 (17.3) 166/955 (17.4) −0.1 (−3.5 to 3.3) .99

Emergency department visit 548/916 (59.8) 562/923 (60.9) −1.1 (−5.5 to 3.4) .68

Nursing home admissiona 22/791 (2.8) 24/763 (3.1) −0.4 (−2.1 to 1.3) .78

1-Year Outcomes

Readmission or death 601/956 (62.9) 600/954 (62.9) 0 (−4.4 to 4.3) >.99

Readmission 524/897 (58.4) 535/903 (59.2) −0.8 (−5.4 to 3.7) .76

Death 251/949 (26.4) 244/947 (25.8) 0.7 (−3.3 to 4.6) .78

Emergency department visit 641/908 (70.6) 657/915 (71.8) −1.2 (−5.4 to 2.9) .60

Nursing home admissiona 31/735 (4.2) 30/711 (4.2) 0 (−2.1 to 2.1) >.99

a Only those patients not residing in a
nursing home prior to the index
admission were included in this
analysis.
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care was concurrently being provided. This may have been a
particular challenge in our virtual ward, which was based out
of an ambulatory hospital different from the ones from which
patients were discharged. Third, publicly funded home care
in Ontario operates under a purchaser-provider paradigm,
which has the potential to increase fragmentation. For ex-
ample, the virtual ward team could not easily communicate
directly with a personal support worker providing care to a vir-
tual ward patient. Fourth, in large part because we imple-
mented a single virtual ward serving patients discharged from
several hospitals, the intervention we tested began after dis-
charge and not during the acute care hospitalization. Several
observers have suggested that interventions designed to im-
prove posthospital outcomes should begin in the acute care
setting.16 Fifth, the virtual ward model as we implemented it
may have simply been too weak a model. For example, a more
intensive model (eg, one with an even greater number of home
visits, particularly physician home visits) or one that relied
more on remote monitoring technology may have been more
successful. Finally, some have argued that only a relatively
small proportion of readmissions are preventable, at least
within the context of the health care and social support sys-

tems as they are currently structured.17 Some proportion of pa-
tients who are frequently readmitted to hospital may be char-
acterized as being “hospital dependent.”18

There are several possible reasons that the results of our
study differ from the results of earlier work.4-6 First, our trial
was larger than most previously reported trials designed to
evaluate postdischarge interventions, and large trials are less
likely to produce a false-positive result.19 Second, we
included patients from several different hospital sites and
based the postdischarge centralized intervention out of an
ambulatory hospital. Although this was a deliberate design
choice that we believed would increase the generalizability of
our intervention, postdischarge interventions based out of
the discharging hospital site could be more likely to improve
postdischarge health outcomes because clinician and infor-
mation continuity might be better maintained.20,21 Third, the
population of patients included in our study differed sub-
stantially from those included in other trials. For example,
the patients included in the randomized trial of Project RED5

were approximately 20 years younger than individuals
included in our trial and included many patients without
health care insurance, which is generally a nonissue in

Table 3. Subgroup Analyses for Hospital Readmission or Death, Virtual Ward vs Usual Carea

Subgroup
No. of

Patients

No./Total No. (%)

Odds Ratio
(95% CI)

P Value for
Interaction

Experienced
Primary Outcome in

Usual Care Group

Experienced
Primary Outcome in
Virtual Ward Group

Hospital discharge site

1 785 96/392 (24.5) 81/393 (20.6) 0.78 (0.55-1.09)

.60
2 299 38/150 (25.3) 32/149 (21.5) 0.78 (0.46-1.35)

3 535 71/268 (26.5) 53/267 (19.9) 0.70 (0.46-1.05)

4 249 24/123 (19.5) 29/126 (23.0) 1.23 (0.67-2.29)

Discharge location

Nursing home 178 28/80 (35.0) 29/98 (29.6) 0.79 (0.42-1.50)
.73

Other 1690 201/853 (23.6) 166/837 (19.8) 0.56 (0.27-1.18)

Time of enrollment relative
to virtual ward initiation

First half 907 110/454 (24.2) 86/453 (19.0) 0.72 (0.52-1.00)
.59

Second half 961 119/479 (24.8) 109/482 (22.6) 0.88 (0.65-1.18)

LACE score

10 or 11 665 63/334 (18.9) 45/331 (13.6) 0.67 (0.44-1.02)
.32

≥12 1203 166/599 (27.7) 150/604 (24.8) 0.86 (0.66-1.11)

Age, y .84

<75 947 117/474 (24.7) 98/473 (20.7) 0.79 (0.58-1.08)

≥75 921 112/459 (24.4) 97/462 (21.0) 0.81 (0.59-1.11)

Sex

Men 951 129/477 (27.0) 105/474 (22.2) 0.77 (0.57-1.04)
.61

Women 917 100/456 (21.9) 90/461 (19.5) 0.83 (0.60-1.16)

Reason for index admission

Heart failure 159 13/77 (16.9) 16/82 (19.5) 1.13 (0.50-2.57)
.40

Other 1709 216/856 (25.2) 179/853 (21.0) 0.78 (0.62-0.98)

Risky alcohol use

No 1608 191/797 (24.0) 161/811 (19.9) 0.77 (0.61-0.98)
.34

Yes 260 38/136 (27.9) 34/124 (27.4) 0.95 (0.55-1.65)

Abbreviation: LACE, length of stay, acuity of the admission, comorbidities, and emergency department visits in the previous 6 mo.12

a 1868 patients with complete data for all covariates were included in this analysis.
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Canada. The patients included in the randomized trial of the
Care Transitions Intervention4 were likely substantially
healthier than patients included in our trial, as evidenced by
the 30-day readmission rate of 11.3% in the control group of
that trial compared with the 30-day readmission rate of 21.3%
in our control group. An initial evaluation of a large, multi-
center quality improvement initiative known as Project
BOOST (Better Outcomes for Older adults through Safe Tran-
sitions) suggested a modest reduction in readmissions (abso-
lute reduction, 2.0%; P = .054) among participating sites.22

However, the fact that only 11 of 30 participating hospitals
provided data for the analysis makes it difficult to demon-
strate convincingly that all hospitals can substantially reduce
their readmission rates.23,24

Conceptually, there are many similarities between the vir-
tual ward model of care and the medical home model.25,26 One
important difference is that the medical home model has
largely been intended to transform primary care for all pa-
tients, whereas the virtual ward model has been designed for

patients who are very likely to be admitted to hospital in the
near future. This difference is apparent when comparing health
care utilization rates—for example, in a largely negative ob-
servational study of the medical home model, hospitaliza-
tion rates were approximately 1% per month,27 more than an
order of magnitude lower than the 30-day readmission rate in
our study.

Our study had several strengths. First, we specifically de-
signed the intervention so that it would be generalizable to
other health care settings. We worked within the existing struc-
ture of the health care system, and rotated staff and physi-
cians so that the results of the trial would not be dependent
on a small group of individuals whose high quality of care might
not be replicable. Second, we evaluated the virtual ward model
of care using a randomized controlled trial, which is the best
way to minimize the risk of selection bias, and the approach
recommended by many experts, even for evaluations of com-
plex interventions.28 Evaluations that minimize the risk of bias
are especially important when the interventions being evalu-
ated are expensive or have the potential to cause harm.

Our study also has several limitations. First, although our
trial was larger than several other randomized trials evaluat-
ing postdischarge interventions, our results are sufficiently im-
precise that we are unable to confidently exclude a small re-
duction in the primary outcome at 30 days. However, there was
no difference at 90 days, 6 months, or 1 year. Second, because
of the nature of the intervention and the importance of con-
text, our findings may not be generalizable to all health sys-
tems. For example, it remains possible that a virtual ward
model of care in a differently structured health care system (eg,
one with integrated home-based, primary, hospital, and emer-
gency care, as well as a single electronic health record) might
reduce hospital use in high-risk patients in a cost-effective man-
ner. Third, many potentially eligible patients could not be in-
cluded in the trial because they were discharged on holidays,
evenings, or weekends. It is possible that the virtual ward may
be more effective in this subgroup than in patients who are dis-
charged during the daytime on weekdays.

Conclusions
Our study showed that the virtual ward model of care did not
reduce the primary outcome of readmission or death, or either
component individually, in a diverse group of high-risk pa-
tients being discharged from hospital.
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personal support workers and nurses working for service provider agencies).
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